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Supplementary Methods
In MTT assay, HUVECs were seeded in a flat-bottom 96-well cell culture plate at an initial density of 5x10 3 cells per well and allowed to grow for 48 hours, 10 l of MTT (5 mg/ml) solution (Sigma) was added to each well followed by 4-hour incubation at 37°C, the media removed and 80 µl mixture of 40 ml isopropanol plus 44 µl 37% HCl added to each well, then vibrated on a shaking table for 10 minutes to dissolve the formed formazan. The plate was scanned with a microplate reader (Bio-Rad) at 570 nm for measuring the absorbance. For propidium Iodide (PI) cell cycle analysis, HUVECs were starved in DMEM supplemented with 5% charcoal-stripped serum or 0.5% regular FBS. After 24 hours, medium was changed to DMEM with 10% normal FBS. Cells were harvested at designated time points, processed by standard methods by staining cell DNA with propidium iodide (PI), 10,000 cells per sample were analyzed by a flow cytometer (BD Biosciences, Mansfield, MA, USA).
For Ki67 immunofluorescence staining analysis, HUVECs were fixed in 4% neutral-buffered paraformaldehyde non-specific binding sites were blocked with PBS containing 10% normal goat serum. The HUVECs were further incubated with the primary antibodies against Ki-67 followed by an Alexa 488-conjugated secondary antibody (Thermo Fisher Scientific, Danvers, Massachusetts, USA). The HUVECs were mounted using Prolong Gold anti-fade mountant with DAPI (Thermo Fisher Scientific).
Dynamic cell motility measurement under live cell station
The viable HUVECs were planted at density of 1.5×10 5 in 6-well plate and cultured for 12 hours, then transfected with Life-act GFP plasmid. The cells were placed under live cell station microscopy and photographs taken every two minutes to measure the dynamic change of cell mobility(4). Filopodia, lamellipodia, cortex and stress fiber quantification methods were described previously(5-7).
Quantitation of G-actin, F-actin and GTPase activity assay
The amount of globular G-actin and filamentous F-actin was determined using the G-actin/F-actin in vivo assay kit from Cytoskeleton (Denver, CO, USA), and the Cdc42 GTPase activity was measured using the G-LISA activation assay biochem kits from Cytoskeleton Inc. (Denver, CO), following the manufacturer's instruction.
RNA purification, RT-qPCR and miRNA quantitation
Total RNA was isolated by Trizol from ECs of newborn mouse lung or HUVECs, reverse transcribed by SuperScript First Strand Synthesis System (Invitrogen, Carlsbad, CA, USA). Expression of genes was quantified by real time PCR analysis (RT-qPCR) with the primers listed in supplement table 1 (Table S1 ) of the supplementary material. For miRNA quantification, total RNA was extracted from isolated ECs of lung microvessels or HUVECs using a miRNeasy mini kit and the relative microRNA levels were measured by the TaqMan miRNA reverse transcription kit and miRNA assay kit following the manufacturer's instruction.
RNA high-throughput sequence of vascular endothelial cells isolated from mouse lung
Total RNA of the green ECs FACS sorting ECs from lung of R26R-tdTomato-EGFP mouse line (JaxMice, stock number 007576) mated with miR302-367 gain-of-function or control mouse for high-throughput sequencing. RNA samples extracted with Trizol were subjected to 100 bp x 2 non-strand-specific paired-end RNA-sequence analyses by Genome Center of WuXi App Tec (8) .
Western blot analysis
Total protein extracts (20-50 µg) from HUVECs were resolved on SDS-PAGE gels and transferred to PVDF membranes for western blotting. Antibodies used in this article were listed in the supplementary table S3.
Co-immunoprecipitation (Co-IP)
For GRB2/PAK1 and CCND1/CDK4 immunoprecipitation, one 145 mm dish of cells was harvested by trypsinization, washed with PBS twice, and lysed with RIPA buffer containing 1 x PIC by rotating for 1 hour at 4℃. Cell debris was removed by centrifugation, cell lysate was split into two parts (5% of lysate was saved as input), and 8 µg anti-GRB2/PAK1/CCND1/CDK4 antibodies and 8µg IgG was used for immunoprecipitation at 4℃ overnight. 30 µl protein G beads were used for pull-down at 4℃ for 1 hour. Beads were washed with RIPA buffer three times, and bead-bound proteins were lysed with cell lysis buffer (50 mMTris-Cl, pH 6.8, containing 2% SDS). Lysates and saved inputs were used for western blot detection of PAK1/GRB2/CCND1/CDK4.
CDC42-GTP Pull-Down assay
Briefly, cells were lysed in RIPA buffer and centrifuged at 15,000 rpm for 10 min at 4 °C. Supernatants were mixed with PAK-GST beads which binds specifically to GTP-bound, and not GDP-bound, CDC42 proteins (Cytoskeleton). Levels of CDC42-GTP was detected by western immunoblotting using anti-CDC42 antibodies.
Chromatin Immunoprecipitation (ChIP)
3×10 7 HUVECs were harvested for ChIP experiment. Cells were cross-linked with 1% formaldehyde at room temperature for 10 min, and then neutralized with 125 mM glycine for 5 min. Cells were rinsed with icecold PBS twice and scraped into 1 ml of ice-cold PBS. Cells were re-suspended in 0.3 ml of lysis buffer and sonicated. After centrifugation, supernatants were collected and diluted in IP dilution buffer followed by immunoclearing with protein A-sepharose for 2 hours at 4°C. 5 µg anti-KLF2 (Cat No: ab203591, Abcam); or control IgG (Cat No: 2729S, CST) were used for immunoprecipitation. After immunoprecipitation, 45 µl protein A-Sepharose was added and incubated for another hour. Precipitates were washed, and DNA was purified after de-crosslinking for real-time PCR. Primers used are listed in Supplementary Tables 2.
3'-UTR Luciferase Reporter Assay
The 3'-UTR of CCND1 or CDC42 mRNA containing miR302-367 binding sequence was inserted into pMIR-REPORT, a microRNA 3'-UTR Luciferase vector. Mutagenesis of the seed sequences from the miR302-367 binding sites of CCND1 or CDC42 was generated by PCR-mediated site-directed mutagenesis. The final sequence was validated by DNA sequencing. Luciferase activity was determined 48 hours after transfection using Dual-Luciferase assay kits (Promega, Madison, WI, USA). Individual luciferase activity was normalized to the corresponding Renilla-luciferase activity (9) .
Plasmid construct of GRB2 promoter luciferase reporter.
pGRB2 (1027) is the human GRB2 promoter-luciferase reporter construct which spans positions -820 to +207 relative to the transcription start site and was amplified with PCR using genomic DNA isolated from HUVECs as a template. Then, the digested PCR product was cloned into the HindIII-Xhol sites of pGL3-basic reporter vector (Promega). The details of the primers are shown in Supplementary Table S2 .
Promoter luciferase reporter assay
The promoter of GRB2 gene containing two KLF2 binding motifs was inserted into a pGL3 promoter Luciferase vector. The final sequence was validated by DNA sequenceing. Luciferase activity was determined 48 hours after transfection using Dual-Luciferase assay kits (Promega). Individual luciferase activity was normalized to the corresponding Renilla-Luciferase activity.
Target site blockers for validation of the pathway contributing to endothelial cell migration and proliferation when elevated miR302 expression.
MicroRNAs usually regulate gene expression of multiple targets. Identification of these targets is important to understanding the function of the microRNA. Target site blockers (TSB) are used to determine which pathway contributes significantly to the phenotype observed upon microRNA expression. The customdesigned TSBs with phosphorothioate backbone modifications from Exiqon (miRCURY LNA TM microRNA TSB) were used in vivo and in vitro to selectively silence the activity of miR-302 cluster on mouse and human Ccnd1/CCND1 and Cdc42/CDC42, respectively, and the retinal in vivo developmental sprout angiogenesis and cell proliferation, as well as cell migration and proliferation in culture HUVECs were observed to validate the importance of these miR302 target genes in EC migration and proliferation. TSB sequences are designed with a large arm that covers the miRNA binding site and a short arm outside the miRNA seed to ensure target specificity of 3'UTR of Ccnd1/CCND1 or Cdc42/CDC42 (10) .
Intraocular injection was performed to observe the in vivo effects of TSB as previous described (11) . In brief, Buprenorphine (0.1 mg/kg) was injected in pups subcutaneously one hour prior to the procedure. The pups were anesthetized by hypothermia and the skin over the eyelid was cleaned with Betadine followed by water and 70% ethanol. Intraocular injections were performed under a dissecting microscope with a 30 1/2 -gauge needle attached to a 5 μl glass syringe (Hamilton, Reno, USA), the needle was positioned 1 mm posterior to the limbus and 3 μl (Target site blockers, 0.4 mg/20 g) was slowly (3-5 seconds) injected into the vitreous chamber of the eye. While in culture HUVECs, the concentration of the TSBs was 50 nM.
siRNA transfections
Cells were plated 24 hours before transfection at 50% confluence. KLF2 siRNA and control siRNA transfections were performed with LipofectamineRNAiMAX (Invitrogen). The following siRNA oligonucleotides from Sigma were used: KLF2 siRNA1: SASI_Hs01_00227239; KLF2 siRNA2: SASI_Hs02_00349172, KLF2 siRNA3 SASI_Hs02_00349173. Control siRNA was purchased from Sigma. For single KLF2 siRNA transfection, each individual siRNA was used at 60 nM concentration
Hypoxia experiment
For hypoxia treatment, HUVECs were maintained in glucose-free DMEM at 37 °C in an atmosphere of 5% CO2, 1% O2, and 94% N2. Transwell, tube formation and wound healing experiments were operated under this hypoxia condition. mice exhibit no significant change of retinal angiogenesis at P6 as shown by the reduction of retinal relative branch points (E, F) and fillopodia numbers (E, G). (H) All members of miR302-367 are significantly increased in HUVECs when infection of lentiviral-miR302-367 compared to control lentiviral-GFP. Data quantification is mean ± S.E.M. (n = 3). All data were analyzed using Student's t-test unless otherwise noted. n.s., not significance; *, P<0.05. Scale bars: B, 250 m; E. 100 m (left), 50 m (right). 
Supplement
CDK4 5-ATGGCTACCTCTCGATATGAGC-3 5-CATTGGGGACTCTCACACTCT-3 CDK6 5-GCTGACCAGCAGTACGAATG-3 5-GCACACATCAAACAACCTGACC-3 CDKN1A 5-TGTCCGTCAGAACCCATGC-3 5-AAAGTCGAAGTTCCATCGCTC-3 CDKN1B 5-AACGTGCGAGTGTCTAACGG-3 5-CCCTCTAGGGGTTTGTGATTCT-3 CDC42 5-CCCGGTGGAGAAGCTGAG-3 5-CGCCCACAACAACACACTTA-3 RAC1 5-GTAAAACCTGCCTGCTCATC-3 5-GCTTCATCAAACACTGTCTTG-3 GAPDH 5-ATGGAAATCCCATCACCATCTT-3 5-CGCCCCACTTGATTTTGG-3 ACTIN 5-CATGTACGTTGCTATCCAGGC-3 5-CTCCTTAATGTCACGCACGAT KLF2 5-TTCGGTCTCTTCGACGACG-3 5-TGCGAACTCTTGGTGTAGGTC-3
